
Journal of the Arkansas Academy of Science

Volume 25 Article 20

1971

Ichthyofaunal Diversification and Distribution in
the Big Creek Watershed, Craighead and Greene
Counties, Arkansas
James T. Jenkins
Arkansas State University

George L. Harp
Arkansas State University

Follow this and additional works at: http://scholarworks.uark.edu/jaas

Part of the Aquaculture and Fisheries Commons, and the Terrestrial and Aquatic Ecology
Commons

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0). Users are able to
read, download, copy, print, distribute, search, link to the full texts of these articles, or use them for any other lawful purpose, without asking prior
permission from the publisher or the author.
This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Journal of the Arkansas Academy
of Science by an authorized editor of ScholarWorks@UARK. For more information, please contact scholar@uark.edu, ccmiddle@uark.edu.

Recommended Citation
Jenkins, James T. and Harp, George L. (1971) "Ichthyofaunal Diversification and Distribution in the Big Creek Watershed, Craighead
and Greene Counties, Arkansas," Journal of the Arkansas Academy of Science: Vol. 25 , Article 20.
Available at: http://scholarworks.uark.edu/jaas/vol25/iss1/20

http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol25?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol25/iss1/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol25/iss1/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol25%2Fiss1%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu,%20ccmiddle@uark.edu


Arkansas Academy of Science Proceedings, Vol. XXV, 1971 79

¦ ¦ h^BM^V^^V^^^^V^HB tRBN^ UIC OilO^Tl^^JiIJ 1*1*vi 111 l™»Ji Ho >̂cf 9l^JWII Hflllvov

SULLIVAN,K. C. 1929. Notes on the aquatic lifeof the
Niangua River, Missouri, with special refer-
ences to insects. Ecology, 10: 322-325.

THOMPSON. D. H. and F. D. HUNT. 1930. The fishes
of Champaign County: a study of the distri-
bution and abundance of fishes in small
streams. Illinois Nat. Hist. Surv. Bull., 19(1):

1-101.

USINGER. R. L 1963. Aquatic insects of California.
Univ. California Press, Berkeley and Los An-
geles. 508 p.

VAN KIRK, R. R. 1962. Some ecological and physical
aspects of a cool water stream in northwestern
Arkansas, with special reference to trout pro-
duction. M. S. Thesis, Univ. Arkansas. 56 p.

WELCH, P. S. 1948. Limnological methods. McGraw-
Hill, New York. 370 p.

Ichthyofautial Diversification and Distribution
In The Big Creek Watershed, Craighead and

Greene Counties, Arkansas
James T. Jenkins 1 and George L Harp

Division of Biology, Arkansas State University
State University, Arkansas 72467

ABSTRACT

Big Creek is a relatively small deltaic stream, in northeastern Arkansas, in an area of intense cultivation. Re-
cently ithas been dredged in the interest of flood control. Lost Creek and Mud Creek are the major tributaries of Big
Creek and collectively drain the Big Creek watershed. The streams were found to have relatively low alkalinity, mod-
erate carbon dioxide, adequate oxygen values, and relatively high turbidity. Channeling of Big Creek and Lost Creek
has effectively destroyed distinct pool-riffle biocies and reduced the number of acceptable spawning areas. Lost
Creek, also, receives effluent from residential dwellings, a secondary treatment sewage plant, and a meat rendering
plant. Mud Creek, in the absence of channeling and deleterious effects of effluents, provided a relatively greater
diversity of habitat than did Big Creek or Lost Creek.

tA total of 21 species were collected in the streams. Big Creek supported 17 species while Mud Creek and Lost
c supported 14 and 11 species, respectively. Five of the 11 species collected in Lost Creek are characteristic
reams with plentiful organic debris and were not collected, in numbers, at any other station in the watershed.

the 2,209 fishes collected, Notropis umbratilis, Fundulus olivaceous, and Leomis cyanellus made up 63%
b total and were procured from all sations. Their relative abundance is supported by their ability to withstand
turbidity and limited competition due to depth effect.

iLimited species included Ictalurus natalis, Aphredoderus sayanus, and Etheostoma gracile in Mud Creek; Dor-
cepedianum in Lost Creek; and the headwater species, Semotilus atromaculatus, in Big Creek and Mud Creek.

nus carpio, Ictalurus melas, Gambusia affinis, and Notemigonus crysoleucas were also limited, in relative num-
bers, to Lost Creek.

INTRODUCTION

(Big
Creek is a relatively small deltaic stream, in

heastern Arkansas, in an area of intense cultivation.
Jntly ithas been dredge in the interest of flood con-
for surrounding farm land. Lost Creek and Mud

tk are the major tributaries of Big Creek and col-
vely drain the Big Creek watershed.

It is the purpose of this study to determine the
qualitative variation of fish populations in the Big Creek
watershed and the co-existing physicochemical condi-
tions. Further, the effect of effluents from the Jonesboro

Sewage Treatment Plant and Broadaway Meat Packing
Company (Lost Creek) and intensive cultivation (the en-
tire watershed) on the fish population willbe observed.

The major soils immediately adjacent to the streams
of the Big Creek watershed are of the Falaya Collins as-
sociation. These are deep, poorly to moderately well
drained, moderately permeable, silty bottomed and soils
washed from loess. The poorly drained Falaya soils

'Present address: Rt. 3, Quitman, Ga. 31643.

79

Journal of the Arkansas Academy of Science, Vol. 25 [1971], Art. 20

Published by Arkansas Academy of Science, 1971



80

80

Journal of the Arkansas Academy of Science, Vol. 25 [1971], Art. 20

http://scholarworks.uark.edu/jaas/vol25/iss1/20



Arkansas Academy of Science Proceedings, Vol. XXV, 1971
81

Ilchthyofaunal
Diverisification and Distribution in the Big Creek Watershed, Craighead and Greene Counties, Arkansas

ihave grayish-brown silt loam surface soil over gray and Mud Creek
L the lower part of the subsoil. This association is M-l SWVi, SW14, Sec. 18, T 15 N, R 4 E, Craig-

brown or yellowish-brown silt loam that is mottled gray head County, Arkansas. Elevation 320 feet.
..eed mainly for cotton, soybeans, small grains, and pas- «. .. _ „ . ... ~ ,,n-,K ox *•

SS in C^neaC County (Soi, Conservation Service. ,J^tf*******™<™«~£
l962'p son (1966) and station B-5 is at one point of Abernathy

Big Creek arises four miles SE of Walcott, Greene and Osoinach's (1969) sampling.

County, Arkansas. It flows 23 miles through Craighead
County, Arkansas in a valley of Crowley s R.dge -and be- p

comes Bayou DeView Ditch five miles E of Cash, Craig- J

head County, Arkansas. Elevation drops from 460-270 On each sampling date, the following determinations
feet during its course, with a mean gradient of 8.3 ft/mi. were conducted at each station: dissolved oxygen deter-

mination by the sodium azide modification of the Wink-
The channel averaged 21 feet in width; had high, ,

pr mp,thnH rAnP A iqcm a iua iinitv anH rarhnn HinviHoThe channel averaged 21 feet in width; had high,
steep banks; a substrate of mud, sand -f- gravel; or hard
packed clay; and, in several areas, was littered with
debris. Water depth ranged from 6 inches in the riffles
to 5 feet in the pools. The stream banks were alternately
lined by cultivated fields and mixed forests, the latter
consisting primarily of oaks, willows, birch, and sweet-
gum. A few specimens of Typha latifolia were present at

one station (B-3). No other rooted aquatic vegetation
was noted.

Mud and Lost Creek watersheds physically typify
the larger Big Creek watershed. Mud Creek arises 2.5
miles south of the origin of Big Creek, flows 7.5 miles to
its confluence with Big Creek 3 miles north of Jones-
boro, Craighead County, Arkansas, and has a mean grad-
ient of 8 ft/mi.

Lost Creek arises 4.5 miles south of the origin of Big
Crek, flows 10 miles SW to its confluence with Big
Creek 2 miles WSW of Jonesboro, and has a mean grad-
ient of 9 ft/mi.

MATERIALS ANDMETHODS

(To
provide the necessary data, eight stations were

blished. Five stations were selected on Big Creek,
on Lost Creek, and one on Mud Creek. Each station
spaced appropriately for adequate coverage of the
rshed (Figure 1). Exact locations are as follows:

Big Creek
B-l SEV4, SWy4, Sec. 23, T 16N, R 4 E, Greene

County, Arkansas. Elevation 460 feet.
B-2 SEi/4, SWi/4, Sec. 1, T 15 N, R 3 E, Craig-

head County, Arkansas. Elevation 340 feet.
B-3 SEi/,, SWV4, Sec. 13, T 15 N, R 3 E, Craig-

head County, Arkansas. Elevation 320 feet.
B-4 SEV4, NWi/4, Sec. 35, T 15 N, R 3 E, Craig-

head County, Arkansas. Elevation 300 feet.
B-5 NEi/4, SEi/4, Sec. 16, T 14 N, R 3 E, Craig-

head County, Arkansas. Elevation 270 feet.

Lost Creek
L-l SWi/», SWi/4, Sec. 7, T 14 N, R 4 E, Craig-

head County, Arkansas. Elevation 300 feet.
L-2 NWVi, NWi/4, Sec. 13, T 14 N,R 3 E, Craig-

head County, Arkansas. Elevation 290 feet.

On each sampling date, the following determinations
were conducted at each station: dissolved oxygen deter-
mination by the sodium azide modification of the Wink-
ler method (AHPA, 1960), alkalinity and carbon dioxide
content by standard limnological procedures (Welch,
1948), hydrogen ion concentration by Beckman pH
meter, turbidity by the Jackson turbidimeter, air and
water temperature by a thermistor thermometer or a
centigrade thermometer, light penetration by Secchi disc,
and current by timing a floating disk over a known dis-
tance.

Fish samples were procured using a 30 ft x 6 ft
seine with 3/16 inch mesh. The collected specimens
were preserved temporarily in 10% formalin. After sev-
eral days they were washed in water, subsequently ident-
ified, and preserved in 40% isopropyl alcohol. Riffle and
pool areas were sampled.

PHYSICOCHEMICAL CHARACTERISTICS

Streams of the Big Creek watershed were found to
have relatively low alkalinity, moderate carbon dioxide,
and adequate oxygen values (Table 1).

Alkalinity values increased from February through
June at most stations. The lowest value, 13.0 ppm, was
recorded on 7 March 1970 and highest value, 100.0
ppm, on 1 June 1970.

Dissolved carbon dioxide fluctuated from 0.0
-

26.5
ppm. Of the eight stations sampled, only B-5 showed
relatively uniform values throughout the four sampling
dates.

Dissolved oxygen varied only slightly from station to
station. Mean values varied from 7.7 -11.8 ppm. There
was a general decrease in dissolved oxygen content
from February to June.

The pH values were normally alkaline to slightly acid.
The range for all stations was 6.1 • 9.7, with a mean
value of 7.4.

Light penetration and turbidity fluctuated greatly
depending on water velocity; however, in early spring,
while the entire stream systems waters were moving,
tudbidity increased and light penetration decreased from
headwaters to lower stations.

Water temperature, in most instances, was directly
proportional to air temperature.
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TABLE 1. Range and mean values of selected physicochemical characteristics for four monthly visits, Big Creek J
ershed, Craighead and Greene counties, Arkansas, March

-
June, 1970.

(STATIONCharacteristics
———

___^

B-l B-2 B-3 B-4 B-5 M-l L-l L-2

Alkalinity,ppm 13-25 22-100 30-96 20-65 17-65 20-90 16-48 19-35
(17) (67) (60) (53) (7) (17) (5) (7)

Carbon Dioxide, ppm 7.5-24 10-14 0-10 12-22 6-7.7 10-26.5 0-9 5.5-11
(14) (13) (7) (17) (9.9) (9.2) (11.8) (9.8)

Oxygen, ppm 5.1-10.2 8.8-10.4 6.2-13.2 7.5-12.2 7.6-12.2 4.6-12.8 7.7-17 8.8-111
(7.7) (9.3) (10.0) (8.8) (7.8) (7.3) (7.8) (7.2)

pH 6.1-7.0 6.9-7.4 7.4-9.7 6.9-7.1 7.3-8.3 6.7-8.3 7.0-8.7 6.5-85
(6 6) (7.2) (8.2) (7.0) (69) (76) (131) (202)

Turbidity, ppm 25-400 25-153 25-68 25-157 25-98 25-235 53-335 53-350
(125) (57) (39) (88) (7) (18) (7) (5)

Light penetration, inches 4-39 4-44 6-26 4-30 5-13 4-36 4-10 4-10
(18) (28) (16) (11) (0.6) (0.3) (0.1) (0.4)1

Current, ft/sec 0-0.3 0-2.1 0-0.4 0-1.0 0.1-13 0.1-0.8 0-0.1 O-1.0
(0.1) (0.5) (0.2) (0.3) (9.9) (9.2) (11.8) (9.8)1

Stream flow was normally moderate, ranging from
negligible to 2.1 ft/sec with a mean value of 0.4 ft/sec.

ICHTHYOFAUNA
A total of 2,209 fishes comprising 21 species were

recorded from the collection .Predominant forms in-
cluded Notropis umbratilis (Girard), Fundulus olivaceous
(Storer), and Lepomis cyanellus (Rafinesque).

Species diversity and relative numbers of fishes in-
creased progressively from Station B-l to Station B-5.
Station M-l was second only to Station B-5 in number
of species and total number of specimens collected. In
direct contrast to Big Creek, Lost Creek decreased in
quality and quantity of fishes from Station L-l to Station
L-2. Station L-2 had lowest number of species and total
specimens procured of any station in the watershed
(Table 2).

Although several species, such as N. umbratilis, F.
olivaceous, and L. cyanellus were collected on most oc-
casions at all stations, other species were limited in their
distribution. Ictalurus natalis (LeSueur), Aphredoderus
sayanus (Gilliams), and Etheostoma gracile (Girard) were
limited to Station M-l. Dorsoma cepedianum (LeSueur)
was collected at Station L-l only and on only one occa-
sion. Two species, Gambusia affinis (Baird and Girdard)

and Semotilus atromaculatus (Mitchill) were limited to
headwaters or areas which presented a highly variable
habitat. Notropis venustus (Girard) and Pimphales vigi-
lax (Baird and Girard) were limited to down stream sta-
tions B-4 and B-5; however, on one occasion three

specimens of N. venustus were collected at Station Ml.
Notemigonus crysoleucas (Mitchill) and Cyprinus carpio
(Linnaeus) were limited, primarily, to stations B-5, L-l
and L-2 with the former being collected also at stations
M-land B-3. Micropterus salmoides (Lacepede) was col-
lected only at stations B-3 and B-5, and Ictalurus puncta
tus (Rafinesque) was limited to stations B-2, B-4 and
B-5.

Of the remaining species, Erimyzon oblongus (Mit-
chill), Notropis chrysocephalus (Rafinesque), Ictalurus
melas (Rafinesque), Lepomis macrochirus (Rafinesque,
Lepomis megalotis (Rafinesque), and Pomoxis annularis
(Rafinesque) all showed a preference to Big Creek with
the exception of I. melas which was collected in greater
numbers in Lost Creek.

DISCUSSION

Big Creek Watershed. Seventeen species of fishes
were collected from Big Creek (Table 2). Investigations
of five similar streams in Missouri, Kansas, and Okla-
homa have reported species diversity to range from 17-
50, mean 31 (Hanson and Campbell, 1963; Wade and
Craven, 1965; Harrel et al., 1967; Cross and Braasch,
1969).

That Big Creek supported a relatively limited divers-
ity of fish species may be attributed to several factors.
Among the most important are relatively low alkalinity,
siltation from land cultivation, and periodic dredging of
the channel proper.
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ITABLE 2. Number and species of fishes collected and frequency of collection in four visits, Big Creek Watershed,
wj Craighead and Greene counties, Arkansas, March • June, 1970. Figures in parentheses indicate per-

cent of total fish contributed by a species at each station.

STATIONS

TAXA
B-l B-2 B-3 B-4 B-5 L-l L-2 Ml

¦ ¦ ¦ ¦ ¦¦¦" ¦¦¦ ¦ '¦¦¦¦

-
__ _̂_____________^_—

_̂.__ _̂___
I Dorosoma cepedianum 0 0 0 0 0 2-10 0

(0.9)

I Cyprinus carpio 0 0 0 0 1-1 1-1 3-2 0
(0.17) (0.4) (3.5)

INotemigonus crysoleucas 0 0 3-2 0 2-2 15-4 5-3 14-2
(1.3) (0.3) (6.7) (5.9) (3.4)

INotropis chrysocephalus 1-1 6-2 1-1 12-2 1-10 0 0
I (0.8) (3.7) (0.4) (3.1) (0.17)

Notropis umbratitis 33-4 45-4 84-4 100-4 20-4 59-3 6-1 160-4
(27.8) (27.6) (35.4) (26.0) (35.0) (27.2) (7.0) (38.8)

I Notropis venustus 0 0 0 146-4 219-4 0 0 3-1
(38.0) (37.6) (0.7)

Pimephales vigilax 0 0 0 49-4 9-3 0 0 0
(12.7) (1.55)

Semotilus atromaculatus 34-4 6-2 0 0 0 0 0 7-2
(28.6) (3.7) (1.7)

Erimyzon oblongus 17-3 8-2 2-2 5-2 1-1 1-1 0 11-3
(14.3) (4.9) (0.8) (1.3) (0.2) (0.4) (2.7)

Ictalurus melas 12-3 0 11 2-2 3-2 21-4 39-3 3-2
(10.3) (0.4) (0.5) (0.5) (9.3) (45.8) (0.7)

Ictalurus puctatus 0 1-1 0 4-3 16-2 0 0 0
(0.6) (1.0) (27.0)

Ictalurus natalis 0 0 0 0 0 0 0 3-2
(0.7)

Fundulus olivaceous 17-3 69-4 77-4 43-4 94-4 50-4 5-2 119-4
(14.3) (42.3) (32.5) (11.2) (16.2) (22.2) (5.9) (28.8)

Gambusia affinis 1-10 0 0 0 5-3 5-3 4-2
(0.8) (2.2) (5.9) (0.97)

Aphredoderus sayanus 0 0 0 0 0 0 0 7 3

Lepomis cyanellus 4-2 14-3 27-3 10-1 11-4 65-4 22 4 51-3
(3.4) (8.6) (11.4) (2.6) (1.9) (28.9) (25.9) (12.1)

Lepomis macrochirus 0 1-1 15.4 6-4 10-3 5-1 0 19-4
(0.6) (6.3) (1.5) (1.7) (2.2) (4-6)

Lepomis megalotis 0 9-3 5-4 6-3 6-2 0 0 4-3
(5.0) (2.1) (1.5) (1.0) (1.0)

Micropterus salmoides 0 0 4-3 0 3-2 0 0 0

I O7) (O5)
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TABLE 2. (continued)

STATIONS
TAXA

B2 B-2 B-3 B-4 B-5 L-l L-2 M-l

Pomoxis annularis 0 4-3 17-2 2-2 2-2 1-1 0 o
(2.4) (7.2) (0.5) (0.3) (0.4)

Etheostoma gracile 0 0 0 0 0 0 0 10-2
(2-4)

Total Specimens 119 163 237 385 582 225 85 413
Total Taxa 8 10 11 12 15 11 7 14

Alkalinityvalues were moderately low in Big Creek,
indicating its relatively low buffering capacity. In gen-
eral, the more alkaline waters are more productive (Rutt-
ner, 1966). Of greater significance is the intensive land
use characteristic of the Big Creek watershed. Subse-
quent siltation and shallowing of pools are self-evident
and deleterious in their effect (Reid, 1961).

Accentuating the situation is the periodic channeling
of Big Creek in the interest of floor control. This prac-
tice has effectively destroyed distinct pool-riffle biocies
and reduced the number of acceptable spawning areas.
This is in part reflected in the relatively low number of
fishes collected and of those, many being characteristic
of the pond-marsh biocies (Kendeigh, 1961).

Jackson (1966) collected 9 species at Station B-5,
Abernathy and Osoinach (1969) collected 12 species,
and in the present study, 15 species were collected.
Jackson collected Gambusia affinis, Notropis galacturus,

and Etheostoma graciie from this station, and Abernathy
and Osoinach reported G. affinis, Ictalurus natalis, and
Semotilus atromaculatus, none of which were taken in
this study. The increase in number of species collected
at Station B-5 from 1966-70 is probably due primarily to
sampling effort.

Mud Creek provided a relatively greater diversity of
habitat than did Big Creek. Despite its short length
(7.5 vs. 23 miles for Big Creek), and although only one
station was sampled, 14 species of fishes were collected.
Amongst these were Aphredoderus sayanus, Ictalurus na-
talis, and Etheostoma graciie, species taken at no other
station. Also, the second highest number of total fishes
was taken from this station. Although there was little
difference in the physicochemical characteristics, Mud
Creek, as opposed to Big Creek, had no stream channel-
ing and was flanked primarily by pastured land.

Lost Creek, in spite of its greater length (10 miles)
and collections at two stations, supported only 11 and 7
species of fishes at stations L-l and L-2, respectively.
The smallest number of total fishes taken in this study

was at station L-2. Lost Creek, like Big Creek, is per
iodically channeled. Probably most important, however,
is the fact that Lost Creek receives effluent from resi-
dential dwellings, a secondary treatment sewage plant
(Station L-2), and a meat rendering plant. Formerly, a
meat packing plant also released an untreated effluent
at Station L-l.

Jackson (1966) collected 6 species of fishes at
Station L-l and 2 species at L-2. He collected Semi*
tilus atromaculatus at Station L-l, but it was not taken
at that station in this study.

Since no fish were collected in four attempts below
the sewage plant, it is probable that the fish population
of Lost Creek is isolated.

Effects of inflow from Lost Creek on the fish popu-
lation of Big Creek is incompletely known since a tem-
porary holding dam was built on Lost Creek by the Ar-
kansas Highway Department. The waters were used daily
to wet the newly constructed roadbed and embankments
of the Jonesboro bypass.

ICHTHYOFAUNA. Species of Wide Distribution. No-
tropis umbratilis, Fundulus olivaceous, and Lepomis cy-
anellus were the most abundant species collected in the
Big Creek watershed, contributing 31%, 21%, and 11%
respectively, of the total specimens procured. They are
primarily pool species inhabiting small warm

-
water

streams with variable current and relatively high tur-
bidity (Trautman, 1957; Larimore, 1961; Cross and
Braasch, 1967). F. olivaceous is primarily a topwater
species, N. umbratilis congregates in mid-water, and L.
cyanellus forages over all depths; thus competition is
limited due to depth effect (Sheldon, 1968). Tolerance
of turbidity coupled with limited competition suggests
possible reasons for their abundance.

Erimyzon oblongus was collected at every station
except L-2. This wide distribution was probably due to
migratory habits of this species during spring breeding
season. They prefer the sand -}- gravel bottom pools in
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Kheadwaters of small streams to spawn. After spawn-
they migrate to larger streams to overwinter (Cross,

1967).

kOnly one other species, Ictalurus melas, was widely
stributed in the watershed; however, they were collected

I
in greater numbers at stations L-l and L-2. Deacon
(1961) considered the black bullhead to be a highly
vagile species and able to withstand high turbidity. They

apparently are tolerant of organic pollution, also, as
demonstrated in this study and that of an Oklahoma
stream (Wade and Craven, 1965).

HEADWATER SPECIES. Semotilus atromaculatus was
collected only at stations B-l and B-2. This species pre-
fers the headwaters of small, warm-water streams (Traut-
man, 1957; Hanson and Campbell, 1963; Metcalf, 1966;
Branson, 1967; Cross, 1967; Sheldon, 1968), but will
migrate to larger pools in late summer.

IGambusia
affinis, the mosquito fish, is a particularly

hardy fish which is adaptable to most stream environ-
ments and feeds on a variety of plankton, as wellas some
relatively large aquatic insect species (Mulla and Isaak,
1961). Cross (1967) and Trautman (1957) found this
species to frequent the headwater pools in intermittent
streams, which is evidenced in the collection of speci-
mens from B-l and M-l.

DOWNSTREAMS SPECIES. The appearance of No-
tropis venustus and Pimphales vigilax at stations B-4 and
B-5 is perhaps the result of the confluence of Mud
Creek and Big Creek at Station B-4. Kuehne (1962),
using Horton's (1945) classification of streams, reported
that the merging of one stream with another constitutes
a progression in stream order. A more varied habitat re-
sults in the support of greater numbers of species. Odom
et al. (1969) postulated that an increase in species di-
versity was due to a more complex, thus stable, per cap-
ita hierarchy of function in a community. Each rare
species is required by a definite number of more com-
mon species for its survival and support.

Most centrarchids in this watershed, Pomoxis an-
nularis, Lepomis macrochirus, and Micropterus salmoi-
des, prefer the pond-lake environment (Kendeigh, 1961).
It is probable that the present population of these fishes,
as well as Ictalurus punctatus, are the result of over-
flowing ponds in the watershed.

I
Another centrarchid collected downstream, Lepomis
[alotis, is mostly indigenous to streams, preferring
r clear water pools (Trautman, 1957;) Metcalf, 1966).

suggests a reason for the fewer specimens of L.
[alotis collected at times of relatively high turbidity.

Notropis chrysocephalus is a warm-water fish that
Prefers clear water over sand -j- gravel-bottom pools in
low-gradient streams and migrates to headwaters for
breeding (Trautman, 1957). Of the 21 specimens collect-
ed, 18 were taken in March. This suggests a temporary
migration from below station B-5.

SPECIES OF SPARSE DISTRIBUTION. Station Ml
was unique in that it supported three species of fishes,
Aphredoderus sayanus, Etheostoma gracile, and Ictalurus
natalis, not found at any other station in the watershed.
The characteristics of the pool from which specimens of
A. sayanus were collected fit perfectly the description
given by Trautman (1957). He stated, "The Pirate-perch
inhabited pools of streams where the bottom consisted of
soft, dark muck which contained much decomposing or-
ganic material. Such a bottom usually had many twigs,
leaves, roots and downtimber lying upon it." Hellier
(1967) reported collecting A. sayanus from similar habi-
tats in a Florida stream and discussed their ability to
avoid being seined. This ability coupled with habitat pre-
ference make them a rarely collected species in the Big
Creek watershed.

E. gracile, unlike most darters, occupies lowland
pools having muddy bottoms, rather than streams where
currents sweep the channel free of silt (Cross, 1967).
Wallen (1958) reported this species from several tri-
butaries of the Verdigris River in Oklahoma occupying
habitats similar to the Mud Creek station.

The yellow bullhead, I. natalis, inhabits quiet, mud-
bottom pools in small streams (Metcalf, 1966). Cross
(1967) reported this species to avoid interspecific com-
petition and high gradient streams. The nearest com-
petitor, I. melas, was collected at station M-l in a 1:1
ratio with I. natalis. This condition could be detrimental
to I. natalis in future years. Trautman (1957) observed
a decrease in numbers of yellow bullhead when the more
vagile black bullhead moved into its range.

Dorsoma cepedianum, Gambusia affinis, Cyprinus car-
pio, Notemigonus crysoleucas, and Ictalurus melas were
fishes collected in greatest numbers at stations L-l and
L-2. All are indicative of streams with plentiful organic
debris (Trautman, 1957; Wade and Crave, 1965; Cross,
1967.)

D. cepedianum was collected on only one occasion
and this being at station L-l when a dense plankton
bloom was present. They apparently migrated from a
large pool directly behind the packing plant to feed upon
the abundant plankton. D. cepedianum consumes mic-
roorganisms (both plant and animal) that are strained
indiscriminately from water as it passes over the gills
(Cross, 1967).

Wade and Craven (1965) reported G. affinis to have
a distinct tolerance of sewage. This was apparent in
the present study as one specimen was captured at the
periphery of the sewage plant outfall. They also report-
ed N. crysoleucas and C. carpio to frequent stream habi-
tats of low gradient and plentiful organic waste. Conflu-
ence of Lost Creek withBig Creek near station B-5 would
possibly account for their presence at this location. N.
cr'soleucas was collected at one other station, B-3,
where their presence could perhaps be explained by the
abundant food supply. On the two dates N. crysoleucas
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were procured Zygnema spp. was prevalent. Only two
other stations, B-2 and L-l, supported a noticable bloom
of algae during the course of this study.

I.melas is highly tolerant of many types of industrial
and domestic loplutants in smal, warm-water streams
(Trautman, 1957). It frequently become over-populated
in small streams with a consequent dwarfing in size
(Cross, 1967).

The physicochemical data do not reflect it,but physi-
cal observations such as odor, plankton blooms, Tubifex
populations along pool shorelines and the species com-
position of the ichthyofauna of Lost Creek, attest to the
profound effect of organic pollutants upon this section
of the Big Creek watershed.

ACKNOWLEDGEMENTS.

We express sincerest appreciation to Gary McGrew,
Tracy McGraw, Jim Pyland, James Krego, and Tom Am-
mons for assistance in the fieldcollections; Dave Hawk-
ins for assistance in collection and identification of the
vascular aquatic plants and algae; Dr. M. A. Nickerson,
Assistant Professor of Zoology, and Dr. J. K. Beadles,

Chairman of the Division of Biological Sciences, who criti-
cally read the manuscript.

LITERATURE CITED
ABERNATHY, F. W. and J. K. OSOINACH. 1969. A sur-

vey of fishes in Big Creek. Unpublished paper.
13 p.

AMERICAN PUBLIC HEALTH ASSOCIATION. I960.
Standard methods for the examination of water
and waste water. APHA, 11th ed., 626 p.

BRANSON, B. A. 1967. Fishes of the Neosho River sys-
tem in Oklahoma. Am. Midi. Nat. 78(1):126-

154.

CASE, MARY R. 1970. The benthic macroinvertebrate
fauna of an Ozark and a deltaic stream. Un-
published M. S. Thesis. Arkansas State Uni-
versity. 31 p.

CRONEIS, C. 1930. Geology of the Arkansas paleozoic
area. Arkansas Geological Survey, Bull. 3,
Little Rock. 457 p.

CROSS, F. B. 1967. Handbook of fishes of Kansas.
University of Kansas, Lawrence. 537 p.

and M. BRAASCH. 1968. Qualitative
changes in the fish-fauna of the upper Neosho
River system, 1952-1967. Trans. Kansas Acad.
Sci. 71(3):350-360.

DEACON, J. E. 1961. Fish populations, following a
drought, in the Neosho and Marais des Cygnes
Rivers of Kansas. Univ. Kansas Publ., Mus.
Nat. Hist. 13(9):359-427.

FENNEMAN, N. M. 1938. Physiography of the eastern
United States. McGraw-Hill Book Co., New
York. 714 p.

HANSON, W. D. and R. S. CAMPBELL. 1963. The ef.
fects of pool size and beaver activity on distri-
bution and abundance of warm-water fishes
in a north Missouri stream. Am. Midi. Nat
69(1):136-149.

HARREL, R. C, B. J. DAVIS, and T. C. DORRIS. 1967.
Stream order and species diversity of fishes
in an intermittent Oklahoma stream. Amer
Midi.Nat. 78(2):428-436.

HELLIER, T. R., JR. 1967. The fishes of the Santa Fe
River system. Bull. Florida State Mus. 11(1):-
1-46.

HORTON, R. E. 1945. Erosional development of streams
and their drainage basins; hydrophysical ap-
proach to quantitative morphology. Bull. Geol.
Soc. Amer. 56:275-370.

JACKSON, R. E. 1966. Spring distribution of fishes in
a polluted stream in northeast Arkansas. Un-
published paper. 10 p.

KENDEIGH, S. C. 1961. Animal ecology. Prentice-Hall,
Inc. Englewood Cliffs, N. J. 468 p.

KUEHNE, R. A. 1962. A classification of streams, il-
lustrated by fish distribution in an eastern
Kentucky Creek. Ecology 43(4):608-614.

LARIMORE, R. W. 1961. Fish population and electro-
fishing success in a warm-water stream. J.
Wild!. Mgmt. 25(1):1-12.

METCALF, A. L. 1966. Fishes of the Kansas River sys-
tern in relation to zoogeography of the Great
Plains. Univ. Kansas Publ., Mus. Nat. Hist.
17(3):28-189.

MULLA, M. S. and L. W. ISAAK. 1961. Field studies
on the toxicity of insecticides to the mosquito
fish. Gambusia affinis. J. Econ. Ent. 54(6):
1237- 1242.

ODUM, H. T., J. E. CANTLON and L. S. KORNICKER.
1960. An organizational hierarchy postulate
for the interpretation of species-individual dis-
tributions, species entropy, ecosystem evolu-
tion, and the meaning of a species-variety in-
dex. Ecology 41:395-399.

REID, G. K. 1961. Ecology of inland waters and estu-
aries. Reinhold Publishing Corp. New York.
357 p.

RUTTNER, F. 1953. Fundamentals of limnology. Univ.
of Tronto Press. 242 p.

SHELDON, A. L. 1968. Species diversity and longitudi-

86

Journal of the Arkansas Academy of Science, Vol. 25 [1971], Art. 20

http://scholarworks.uark.edu/jaas/vol25/iss1/20



Arkansas Academy of Science Proceedings, Vol. XXV, 1971 87

Ichthyofaunal Diverisification and Distribution in the Big Creek Watershed, Craighead and Greene Counties, Arkansas

!nal
succession in stream fishes. Ecology 49- WADE, F. W. and R. E. CRAVEN. 1965. Changes in fish

(2):193-198. fauna of Stillwater Creek, Payne and Noble
Counties, Oklahoma from 1938 to 1965. Proc..CONSERVATION SERVICE, U. S. DEPARTMENT OF Okla. Acad. Sci. 1965:60-66.

AGRICULTURE. 1962. General soil map Craig- „..„-„„u 1OCO

_ . .41 w , _,
head County, Arkansas, LittleRock. WALLEN, G H 1958. Fishes of the Verdigris River in

Oklahoma. Oklahoma State Univ., Dept. Zool.,
UTMAN, M. B. 1957. The fishes of Ohio. The Ohio 57 P-

State University Press. Waverly Press, Inc. WELCH, PAUL S. 1948. Limnological methods. Me-
Baltimore. 683 p. Graw-Hill Book Co. New York. 370 p.

Rapid Electroosmosis Measurements
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ABSTRACT

A ceil has been designed and built that allows for rapid measurement of volume moved in a definite time by
electroosmosis. The cell is simple to use and is not very elaborate. Using a water jacket, the cell temperature can
be controlled to ±r 0.1° C. Measurements are presented for acetonitrile, dimethylformamide, and nitrobenzene at 25°
C for applied voltages of 25, 50, 75, and 100 volts.

I. INTRODUCTION

Interest in electroosmotic measurements and es-
pecially a cell for rapid measurements arose from at-
tempts to use this phenomenon in electrical circuits. It
was believed that electroosmosis could be used for the
opening and closing of a switch in an electrochemical

I
Electroosmosis is a definite phenomena of a system

d therefore would have a high reliability. Since each
uid, colloid, or mixture of liquids have different elec-
losmotic properties, a variety of times would be avail-
le for a relay by just changing the chemical compon-
t. The operating temperature would cause some
litations on the choice of systems, but many organic

uids could be used over the standard operating range
i5 to 4-165° F)- However, electroosmosis has a tem-

rature dependence and this would have to be studied-
most systems to see what its magnitude is.

Since it would be desirable to look at many systems
t have not ben studied in great detail, it would be

desirable to have a cell in which rapid measurements
could be made. A cell for this purpose has been de-
signed and built. Measurements are presented for ace-
tonitrile, dimethylformamide, and nitrobenzene.

II. THEORY OF ELECTROOSMOSIS

Electroosmosis is the phenomena of a fluid moving
with respect to a solid wall when a potential has been
applied across the fluid. Ruess first observed this phe-
nomena in 1808 which makes electroosmosis one of the
first electrochemical effects to be observed. Extensive
experimental studies were carried out later by Wiede-
mann 1 and Quincke. 2 Quincke3 in his studies first sug-
gested that a streaming potential should exist between
the wall and the fluid. The streaming potential is the
reverse of electroosmosis. Electroosmosis is expressed
in terms of velocity of flow or in volume moving per unit
time. For our purposes volume willbe used.

The theory of electroosmosis has been treated ex-
tensively by Helmholtz,4 Lamb, 5 Smoluchowski, 6 and Per-
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